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DMortptlon 

The present invention generally relates to semicon- 
ductor memory devices and, more particularly, rentes 
,o cell structures in a static random access memory 
where integration density ot memory cells can be m- 



*Fig 7 is an equivalent circuit diagram of one mem- 
ory cento a conventional static random access memory 
(hereinafter referred to as SRAM). This memory cel^- 
cl udesthWamp-type K^tranastors^^. Aipaa 

of driver (for driving) transistors Q, andQ 2 ("-WeMOS 
Isistors) are connected to a pair o. <°£^£ 
Qc and Qg (p-type MOS transistors) to form <r tiptop 
cLit. The Purees 110 and 111 of the pa.r of lc«d tran- 
sistors Q B and are connected to a power suppfy Vcc 
and^rceHl2and113^^ 
Q, are connected to SND. A pair of access triors 
Qj and Q, (n-type MOS transistors) are ejected to 
storage nodes 114 and 115, respectrvely. AbttkrwIW 
iscZectedtoonesource/drainofaocesstrans^ 

and a bit line 108 is connected to one ^** n * 
access transistor Q 4 . The gates of access transistors Qj 
and CU are connected to a word line 109. 

Ffcs. 8 to 10 are plan views o. the arucwrsolan 
SRAM sharing three stages in or» the ^om 
on the surface of the substrate, respectively. Fig. 11 to 
^sectional view ot the structure taken ^ the 
line A-A in Figs. 8 to 10. Referring to Figs. 7, B to 11 , a 
So^er— rsQ, and and a pair ^es, 
Sansistors Q, and O, are formed on a 
ap-typesntonsubstrate^dthemenrnwH^ 
tra^Q^ludesapairotsourceAJralnreg^l^l 

Z\ 22 and a gate electrode 1 25. Drive, «or * 

a oate electrode 126. Access transistor Q, includes a 
^s^rce/drain region, 119 and 120 and a gate 
electrode 109. Access transistor Q* includes a pairof 
Srato regions 116 and 117 and a gale electro*, 
m These transistors are rHype^S^torshav- 
*g scarce/drain regions formed on ^^urtaceo. 
p-^pesilfccn substrate 148. Gats electrode 126old^ 
eXlstor^isconnectedtos^^^ 
of access transistor 03 through a contact m Ga e 
electrode 126 ot driver transistor Cfe is connected to 
region 1 21 o. driver transistor Q, through 
a ^tactl29.Gateelectrodel25ofdrivertrans l storQ 1 
fe^ec edtoeource/drain region 117 of access tran- 
ce., and source/drain region 
ci^ 8 hacon te «127.Agateele«rc*1«^ 
transistor Q* is connected to a source/dmiri 
o« a load transistor Oe. through a contact 139. A gate 
electrode 131 of load transistor Q* is connected to a 
Sdrato region 1 34 of load transistor Q 6 through a 

000 TbSe 107 is connected to source/drain region 
119 * access transistor Q 3 through a contact 146 and 
a bit line 108 is connected to source/drain region 116ot 



access transistor Q, through a contact 1 47 

As stated above, in the memory cell of the conven- 
tional SRAM, tour n-type MOS transistors are arranged 
Tme silicon substrate and p4ype thin film transistors 
« are provided as loads above them. A case where a re- 
type thin film transistor is used as a ^ a "™ 
^inanSFWMhasbeendescribedinlEI^1990Tech- 

nical Digest pp. 477-480. Fig. 13 is a cross-sectional 
v£w of a typical structure of a thin film transistor used 
,0 r^t^sCfe and C^. The thin film tractor 

has a channel region 142 and a pair ol soutceMran e- 
Ss^14ifc^inasemlconduc^byersuch 

as porycrystallhe silicon and a gate electro* J4€ £ro- 
"ted opposite to channel region 142 wrthan wulatng 
,5 ^Xposed therebetween. Fig. 14 is a diagram 
shlnga^ 

^ in such an SRAM, it is necessary to reduce an area 
occupied by each memory cell in order to hcrease the 
20 WegWdensity of the memory cells. Hw«U» 
conventional memory cell above had two problems to 

be 1ES STem It*" «"■"* ,0 reduce an 
element isolation region between 
« thernemo*cell.Fig.l2i.adiagrams^ 

el a cross-section of the structure of a LOCOS film 124 
(Fig. 11) for insulating and isolating 
each other in the memory cell shown v • j" 
LOCOS film 1 52 (Fig. 12), regies X called b^s beak 
» are tormed at its both ends, which expand t»*e regton 
where elements are formed, so that an cote^ 
W becomes larger than Its desired value. Fortr^rea 
son. the width of the isolation region cannot be reduce* 
totnat reduction h the size of the memory ce« cannot 

ss be achieved. . Hnnrfi«vi 

The second problem concerns a current handing 
caoability ratio B of a driver transistor to an access t ran- 

sfe^ecurrentr^dling^ 
40 sistor) N the current handling capability ratio Bis small, 
datatedestroyed when ft is read out from a rnemo^ycel 
Ttisphen^vrfllr^be described betowRge^ 
(a) and ( b)showtv» verier circuftsobta«edby^ 
L me equivalent circuit of the memory eel shown « 
4s Z 7 Connection with the reading c"*^* h ' n 
disease, load transistors QcandQ, are not shownba- 
c^sethe amount of the current ^^cu^to** 

transistors is little enough to be 
with those oi the access transistors and the driver tran 

from a change in voltage at one storage node obtaneo 
«*elitlheandtheword lineat Vccandchang- 
Se gate voltage of the driver transistor (the votege 

handlhg capability ratio B is large (about 3>-™ e « 
abscissa represents a voltage at storage node 115and 
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the axis ol ordwite represents a voltage at storage node 
114. The curve a, representethevoBagejctenge char- 
acteristic at storage node 1 14 in a case where thevol^ 
a geatst«agenodeli5ischan g ed.mcurve7iShow3 

Z voltage change characteristic at storage node .115 
in a case where the voltage at storage node 114 is 
changed. The curves a, and* intersecl each otherat 
three points P v P 8 and P 3 . At point P„ storage node 
114 has 'High' data stored, and storage node 115 has 
•High- data stored at point P,. Point P 2 is an unstable 
point and the condition at this point P 2 is not kept a MJie 
time ot reading. In theligure, a region surrounded by a 
a^eh^-eveolarnerno^cer As the current 
handfingcapability ratio of the transistors is larger, the 
c^le hi r^comes bigger and the reading operate is 

**E Ser to reduce the size ol a memory coll. the size 
of an access transistor or adrlver transistor is reduced 
The access transfer or the driver W^""*??* 
in size, for example, by shortening the gate length, "the 
transfer width of the access 
1 urn or less, a so-called n arrow channel effect becomes 
stanificant, so that a threshold voltage Vth of the access 
SoTte increased. Fig. 16(b) shows the voltage 
change characteristic at the storage node « a case 
viherSmethresholdvoltageVlhoftheac^^^r 

is increased. In Figs. 16( a )arKi(b), Vector V<^ff cor- 
respondstomethresrK*Jvotege\Ahofmeaco^wn- 
sSorAs shown in Fig. 16(b), it the threshold voltage ot 
the access transistor is increased, the cunres «, 
intersect each other at one point P» only and the so- 
S,e of a memory cell" region disappears^ a 
result the stable points of the voltage at each storage 
^SSSm £ data stored in the memory ceD » 

reasons, the access transistor cannot be reduced ^ sae 
even though the size 

du^.tlcfllythedrivertransi8torlsreduced«s B e.the 
cuaemt^hgcflpabiStyratiopofthebo^rar^om 

becomes small, making the '^^^^fflt 
IEEE J Solid-State Circuits. Vol. SG-20, No.1 . Feb 
1985 PP 178-201, (MahS et al.) discloses different 
types' of thin film transistors in SOI technique and 1he.r 
characteristics. . 

An obiect of the present invention is to reduce the 
size otamemory cell and staMizethe operation of read- 

ino. out stored data in an SRAM. 

Thisobjectisachievedbyasemico«luctorniemory 

device according to daim 1 . 

Further developments ol the invention are given In 
the subclaims. . 

The semiconductor memory devce includes a 
merrwrycellincludingapairrtdr^ertransistorsotatirst 

conductivity type and a pair of load transistors of a sec- 
ond conductivity type maWngupaflipflopc.rcu.anda 
pair of access transistors, an transistors being thr, film 
transistors. The semiconductor memory device further 
includes a semiconductor substrate having a mam sur- 



face an insulating layer formed on the semiconductor 
substrate, a first group ot said thin film transistors ar- 
ranged on the hsulating layer, an interlayer n .ulating 
^covering the surface of the first group of thin film 
, n^istc<sar^asec^B^o.saidthM.m = 
tors arranged on the interlayer insulating layer. The first 
□roup ol thin film transistors includes at least one tran- 
sistor of the driver transistors, the toad transistors and 
the access transistors. The second group of thin film 
10 transistors includes at least one transistor of the driver 
transistor, the load transistor and the access transistor 
excluding the transistor included in the first group of thm 
film transistors. „™.K>n 
The Bixtransfetors making upa memory ce«arethm 
is film transistors. Element isolation is made by pmrtng 
the interlayer insulating layer between the thinfflm tran- 
sistors. Accordingly, an area of an element isobtion re- 
gion can be reduced by eliminating the conventional el- 
ement Isolation structure using a LOCOS film. 
no Therefore, a narrow channel effect can be re- 
strained and stabilization of the operation ol rearing out 
stored data as wen as reduction in size ol a memory cell 
can be achieved by forming a thin film transistor as an 
access transistor. 
es The foregoing and other objects, features, aspects 
* andXrtaSTo, the present 

moreapparent from the toltowina stalled des^to! of 
the present frrvention when taken in con|unction wth the 
accompanying figures. 
30 Fig- 1 is a plan view of the structure of a memory 
cell in an SRAM according to an embodiment of the 

present invention. lir ^_ 
Fig 2isaplanviewshowingthestructureotanup- 

per layer portion of the memory ceU shown in Ftg. 1. 
as Fig. 3 is a cross-sectional view showkig a typical 
structure of athin film transistor used in this invention. 

Fig. A is a diagram showing an electrical character- 
istic ol the thin film transistor shown in Fig. 3. 

Fig. 5 is a structural cross-sectional view taken 
40 along the line B-B shown in Figs. 1 and 2. 

Fig. 6 is a structural cross-sectional view taken 

along the line C-C in Figs. 1 and 2. 

Fig. 7 is an equivalent circuit diagram of a memory 
cell in a conventional SRAM. 
45 Fig. 8 is a structural plan view of a rnernory cell v\ 
a conventional SRAM. 

Fig. 9 is a structural plan view of a stiB upper layer 
of the memory cell shown in Fig. 8. 

FlJlOii la structural plan viewof a sti« upper layer 
so of the memory cell shown in Fig. 9 - 

Fig. 11 is a structural cross-sectional view taken 
atonq the line A-A in Figs. 8 to 1 0. 

Fig 12 is a exertional view of the structure in 
the vicinity of a LOCOS film used in isolating elements 
55 in a conventional memory cell. 

Fig 13 is a cross-sectional view showing the struc- 
ture of a typical cross section of a thin film transistor 
used as a conventional toad transistor 
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Fig. 14 is a diagram showing an electrical charac- 
teristic of the thin film transistor shown in Fig. 45. 

Fig 15 is an equivalent circuit diagram (a), (b) 
showing two inverter circuits obtained by dividing the 
flipflop circuit shown in Fig. 7. 

Fig. 1 6 is a diagram (a), (b) showing the character- 
istic curved reading out data of a conventional memory 
cell. 

A memory cell according to an embodiment in- 
cludes pairs of access transistors Q 3 and Q4, driver tran- 
sistors Q, and and toad transistors Cfe and which 
are all thin film transistors. An equivalent circuit of th» 
memory cell is equal to that shown in Fig. 7. 

The structure of the memory cell will now be de- 
scribed with reference to Fig. 7 and further to Figs. 1 . 2, 
5 and 6. A main surface of a silicon substrate 32 has an 
insulating layer 33a formed thereon. A pair of access 
transistors Q 3 and 04 and a pair of driver transistors Q, 
and Q 2 are arranged on the surface of Insulating layer 
33a The four transistors Q n to Q4 are n4ype thin film 
transistors. Access transistor Q3 includes a pair of 
source/drain regions 1 and 3 and a channel region 2 
formed in a corycrystaHine silicon layer and a gate elec- 
trode 10. Access transistor Q^includesapair of source/ 
drain regions 6 and 8 and a channel region 7 formed I in 
a polycrystaiBne silicon layer and a gate electrode 10. 
Driver transistor Q, includes a pair of source/drain re- 
gions 3 and 5 and channel region 4 formed in the poly- 
crystalline silicon layer and a gate electrode 11. Driver 
transistor Cu includes a pair of source/drain regions 8 
and 5 and a channel region 9 formed in the polycrystal- 
line silicon layer and a gate electrode 12. The surfaces 
of these lour transistors Q, to Q4 are covered with a first 
intertayer insulating layer 33b. 

A pair of p-type toad transistors and Qe are 
formed on the surface of first interlayer insulating layer 
33b. Load transistor Q5 includes a pair of source/dram 
regions 1 3 and 1 5, a channel region 1 4 and a gate elec- 
trode 11. Load transistor Cfc shares gate electrode 11 
with driver transistor Q,. Load transistor Or includes a 
pair of source/drain regions 1 3 and 17, a channel region 
16 and a gate electrode 12. Load transistor Qe shares 
gate electrode 12 with drivertransistor Cfe. The surfaces 
of load transistors Q 5 and Qe are covered with a second 
intertayer insulating layer 33c. 

A pair of bit lines 107 and 108 are formed on the 
surface of second interlayer insulating layer 1 3c. Bit hne 
107 ie connected to source/drain region 1 of access 
transistor Q z through a contact 2$. Bit line 108 is con- 
nected to source/drain region 6 of access transistor Q4 
through a contact 27. Sourca/drain region 15 of load 
transistor Cfc is connected to source/drain region 3 
shared by access transistor 0> and driver transistor Q, 
through a contact 20. A contact 23 connects source/ 
drain region 15 of toad transistor Qg to an interconnec- 
tion layer 18. A contact 22 connects interconnection lay- 
er 18 togate electrode 12 of toad transistor Qe- Acontact 
21 connects source/drain region 17 of toad transistor Qe 



to gate electrode 11 of toad transistor <fe A contact 19 
connects gate electrode 11 of toad transistor Q* to 
source/drain region 8 of driver transistor 

Fig 3isadiagramshowingbyamodellhestructure 
s of a typical cross section of a thin film transistor used in 
the embodiment. Fig. 4 shows an electrical characteris- 
tic of the thin film transistor shown in Fig. 3. 

As stated above, since all the six transistors n the 
memory cell are thin film transistors. It Is possible to pre- 
10 vent an increase in the threshold voltage of the access 
transistor under the influence of the narrow channel ef- 
fect Accordingly, the sizes of the access transistor and 
the driver transistor can be determined so that the cur- 
rent handling capability ratio p of the driver transistor to 
is the access transistor is large. As a result, a memory cell 
can be constructed in which a stable reading operation 
can be performed. 

As stated above, in accordance with one aspect of 
the present invention, all the transistors making up the 
20 memory cell are thin film transistors and the transistors 
are insulated and isolated from each other without usmg 
a LOCOS film, so that miniaturization of the cell struc- 
ture by reduction n the size of the isolation region can 
be realized. 

26 



Claims 

1 A semiconductor memory device including a menv 
30 ory cell constituted by a pair of thin film driver tran- 
sistors (Ch , Qa) of a first conductivity type and a pair 
cfthin fi*n toadtransistors (Q 6 , Or) of asecond con- 
ductivity type making up a flipflop circuit, and a pair 
of thin film access transistors (G3, Q4), comprising: 

35 

a semiconductor substrate (32) having a main 
surface; 

an Insulating layer (33a) formed on said main 
surface of the semiconductor substrate; 
40 a first group consisting of at least one of said 

thin film transistors (1 to 12) and arranged on 
said insulating layer (33a). 
an intertayer insulating layer (33b) covering the 
surface of said first group of thin film transistors 
45 (1-12); and . , 

a second group consisting of the remajnder or 
said thin film transistors (11 to 17) of said mem- 
oiy cell and arranged on said interlayer insulat- 
ing layer (33b). 

so 

2. The semiconductor memory device according to 
claim 1 . wherein said first group of thin film transis- 
tors includes said driver transistors (Q v Q^ and 
said access transistors (Q 3 . Q 4 ) and said second 

ss group of thin film transistors includes said toad tran- 
sistors (Ob, Qe). 

3. The semiconductor memory device according to 
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claims 1 or 2, wherein each transistor in said first 
group of thin film transistors includes a pair of im- 
purity regions (1, 3, 5. 6, 8) formed in a first semi- 
conductor layer on said insulating layer 
each transistor in said second group of thin film tran- 
sistors includes a pair of impurity regions (13, 15, 
17)formed in a second semiconductor layer on said 
interiayer insulating layer (33b). 

4 The semiconductor memory device according to io 
claims, wherein agate electrode ot said driver tran- 
sistor (Q v Oo) included in said first group ol thin film 
transistors and gate electrode of said toadtransistor 
(Qs. Qc) included in said second group of thin film 
transistors are formed of a oommon layer (11,1 2). 

afld said first semiconductor layer included insaid 
first group of thin film transistors and said second 
semiconductor layer included in said second group 
ot thin film transistors are arranged opposng each 

other with said common layer (11,12) interposed 
therebetween. 



Patentanaprucha 

1 Hatolerterspeichervorrichtung, die eine Speicher- 
zelle aufweist, die durch ein Paar von Dflnnschicht- 
Tretoertransistoren (Q,, Q 2 ) eines ersten Lertungs- 
typs und e* Paar von DQnnschfcht-Lasttransisto- 
ren (0., Qe) eines zweiten Lettungstyps, die elne 
Rip-Ftop-Schaltung Widen, und ein Paar von DQnn- 
schlcht-Zugriflstransistoren (Q 3 . Q4) gebildet wird. 
die aufweist: 



ein Hatoleitersubstrat (32), das eine Haupt- 
oberflache aufweist, eine Isolierschicht (33a). 
die auf der Hauptoberflache des Halbleitersub- 
strates ausgebildet ist, 

eine erste Gruppe, die aus mindestens elnem 
der Dflnnschicht-Transistoren (1 bis 12) be- 
steht und auf der Isolierschicht (33a) angeord- 

^nizwischenschicht-lsolierschicht (33b), die 
die Oberflache der ersten Gruppe von Dunn- 
schicht-Transistoren (1 bis 12) bedeckt, und 
eine zwerte Gruppe, die aus dem Rest der 
Dunnschicht-Transistoren der Speteherzelle 
besteht und auf der Zwischenschicht-lsolier- 
schicht (33b) angeordnet ist. 

2 Haibleiterspekjhervorrichtung nach Anspruch 1 . bei 
der die erste Gruppe der Dunnschicht-Transistoren 
die Treibertransistoren (Q n . Q 2 ) und die Zugriffs- 
transistoren (Q 3 . Q4) enthalt und die zweite Gruppe 
der Dunnschicht-Transistoren die Lasttransistoren 
(Qg, Qe) enthalt. 



\. HalbleiterspeichervorTichtung nach Anspruch 1 
oder 2, bei der 

jeder Transistor in der ersten Gruppe der Dflnn- 
schicht-Transistoren ein Paar von Ootierungsberei- 
chen (1,3. 5. 6. 8). die in einer ersten Halbleiter- 
schicht auf der Isolierschicht (33a) ausgebildet 
sind, enthalt, und jeder Transistor in der zweiten 
Gruppe der Dflnnschicht-Transistoren ein Paar von 
Dotierungsberelchen (13. 15. 17). die in eher zwei- 
ten Halbleiterschicht auf der ZwischenschfchHso- 
lierschtaht (33b) ausgebildet sind, enthalt. 

4 HalbteUerspeichervorrichtung nach Anspruch 3, bei 
der eine Gateelektrode des Tretoertransistors (Q 1( 
CU) der in der ersten Gruppe von Dunnschicht- 
Transistoren enlhalten ist, und eine Gateelektrode 
des Lasttransistors (05, 0*), der in der zweiten 
Gruppe von Dflnnschicht-Transistoren enthatten 
ist aus einer gemeinsamen Schteht (11 , 1 2) ausge- 
bildet sind, unddie erste HaWeiterschlcht, die m der 
ersten Gruppe von Dunnschicht-Transistorer . ent- 
hatten ist. und die zweite Hableiterschicht die m 
der zweiten Gruppe von DunrischicM-Trarisrtoren 
enthatten ist, einander gegenflbertiegend angeord- 
net sind. wobei die gemeinsame Schfcht (11, 12) 
dazwischengesetzt ist. 

Revindication* 

1 Un dispositif de memoire a eemfeonducteurs com- 
prenant une cellule de memoire constituee par una 
paire de transistors cfattaque a couches trances 
(Q, Ch) cfun premier type de conductivite, at une 
& paire de transistors de charge a couches minces 
(Q_ Qe), cfun second type de conductfvtte, consti- 
tuent un circuit de bascule, et par une paire de tran- 
sistors c?acces a couches minces (Q3. Q4>- 
comprenant : 

40 un substrat semiconducteur (32)ayant une sur- 

face principale; 

unecouche Isolante (33a)formee sur lasurface 
principale du substrat semiconducteur, 

45 un premier groups constitue par Tun au rrwjns 

des transistors a couches minces creates (1 a 
12) et dispose sur la couche isolante (33a); 
une couche cfisolation inter-couehe (33b) re- 
couvrant la surface du premier groupe de tran- 

so sistors a couches minces (1 -1 2); et 

un second groupe constitue par le reste , des 
transistors a couches minces precites (11 a 1 7) 
de la cellule de memoire, et dispose sur la cou- 
che d'isotation inter-couche (33b). 

65 2 Le dispositif de memoire a semiconducteurs selon 
la revendication 1. dans lequel le premier groupe 
detransistorsacouches minces comprendlestran- 
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sistors d'attaque (Q, , Q*) et les tractors rfaccte 
(Ck, CU) et le second groupe de transistors a cou- 
ches minces comprend les transistors de charge 
(0*0$). 

Le dispositif de memoire a semtoonducteurs seion 
les revindications 1 ou 2, dans lequel chaque tran- 
sistor du premier groupe de transistors a couches 
minces comprend une^^ 
(1 3 5 6, 8) formees dans une premiere couche 
de semiconducteur sur la couche teolante (33a), et 
chaque transistor dans le second groupe de tran- 
sistors a couches minces comprend une paire de 
regions rfimpuretes (13, 15,17) formees dans une 
seconde couche de semiconducteur sur la couche 
d' isolation irrter-couche (33b). 

\ Ledisposttifde memoire a semiconducteurs selon 
la revendteation 3. dans lequel une electrode de 
grille du transistor d'attaque (Q,. 1att f* 6 

du premier groupe de transistors a couches mNttes 
et une electrode de grille du transistor de charge 
(Ck.G^ifa> t P artiedu second groupe detransis- 
to?s avouches minces sont formees par une couche 
commune (11, 12), et 

ta premiere couche de semiconducteur qui 
est Incluse dans le premier groupe de transistors a 
couches minces et la seconde couche de semicon- 
ducteur qui est incluse dans le second groupe de 
transistors a couches minces sont disposees lace 
£face avec la couche commune (11 . 1 2) mterposee 
entre elles. 
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FIG.1 
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FIG. 3 
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FIG.5 
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FIG. 8 
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FIG.10 
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F1G.11 
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( b) 



109 

WORD LINE 



114 

STORAGE NODE 




^ BIT LINE 



GND 



17 



EP 0 506 089 B1 



FIG.16 

(a) 



VCC 




VOLTAGE AT STORAGE NODE 115 
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